The role of specific cell-mediated immune responses in human cytomegalovirus (CMV) infections was studied by an in vitro lymphocyte transformation test, using a whole blood culture. CMV-induced in vitro lymphocyte proliferation was mainly dependent on the presence of sensitized T-cells. Three of five seronegative patients with B-cell deficiency showed positive lymphocyte responses to CMV antigen. In contrast, a patient with ataxia-telangiectasia who was shedding the virus in urine did not show a cellular response to either CMV or phytohemagglutinin. Age-related differences were found in the CMV lymphocyte transformation test. The responses were generally low (P < 0.025) in infants and higher in older children and adults. CMV lymphocyte transformation responses were lower in 15 children who were excreting CMV in urine when tested than in 17 seropositive children who were not excreting the virus.
The role of specific cell-mediated immune responses in human cytomegalovirus (CMV) infections was studied by an in vitro lymphocyte transformation test, using a whole blood culture. CMV-induced in vitro lymphocyte proliferation was mainly dependent on the presence of sensitized T-cells. Three of five seronegative patients with B-cell deficiency showed positive lymphocyte responses to CMV antigen. In contrast, a patient with ataxia-telangiectasia who was shedding the virus in urine did not show a cellular response to either CMV or phytohemagglutinin. Age-related differences were found in the CMV lymphocyte transformation test. The responses were generally low (P < 0.025) in infants and higher in older children and adults. CMV lymphocyte transformation responses were lower in 15 children who were excreting CMV in urine when tested than in 17 seropositive children who were not excreting the virus.
A number of clinical and experimental studies have suggested that cellular immune mechanisms play an important role in immunity to cytomegalovirus (CMV) infection (2, 4, 12, 15, 18) . Several in vitro assays for cell-mediated immunity to CMV, including the lymphocyte transformation (LTF) test, are currently being developed (5, 11, 14, 19, 20) . Investigators have reported that CMV antigens stimulate peripheral blood lymphocytes obtained from CMV antibody-positive individuals. The in vitro LTF technique made it possible to look for selective defects in cell-mediated immunity to CMV antigen in specific disease states, such as congenital CMV infection or an immunocompromised host with CMV infection, and to study the relationship between the cell-mediated and humoral immune responses in CMV infection. The purpose of the present study was to characterize the transformation of lymphocytes obtained from CMV-seropositive healthy subjects in different age groups. In addition, the response to CMV antigen was studied in both a T-cell-enriched fraction and a depleted fraction. Also six patients with primary immunodeficiency were examined to determine lymphocyte subpopulation response to CMV antigen.
MATERIALS AND METHODS
Study population. Sera and peripheral blood lymphocytes were obtained from 50 unselected CMV-seropositive children (ages, 1 month to 15 years) and adults (ages, 20 to 45 years), 20 CMV-seronegative subjects, blood from six umbilical cords, and six patients with primary immunodeficiency.
Serological study. Sera were tested for CMV and varicella zoster virus (VZV) antibodies by complement fixation tests (17) , using an initial serum dilution of 1:
Virological study. CMV isolation was carried out by inoculations of fresh urine samples into human embryonic fibroblast cultures.
Antigen preparation. CMV strain AD-169 grown in human embryonic fibroblasts was used as an antigen and was prepared by extraction of cell-associated antigen with alkaline buffers (6) . VZV (Kawaguchi strain) antigen was prepared in the same way. A control antigen was prepared from uninfected cells treated in exactly the same way. Antigens were inactivated by ultraviolet irradiation with a 10-W germicidal lamp at a distance of 10 cm for 60 min. The highest response from the three dilutions of antigen used (1:4, 1:16, and 1:64) was applied to experimental data.
Mitogen preparation. Lymphocyte responses to mitogen stimulation were tested by using phytohemagglutinin at a concentration of 100 ,g/ml.
Lymphocyte culture and harvest. Lymphocytes and appropriate antigens were incubated together by using a whole blood culture technique (7, 13) . Blood, which was collected in preservative-free heparin (10 U/ml), was diluted with 15 and 10 volumes of RPMI 1640 culture medium for children and adults, respectively. The final lymphocyte concentration was adjusted to 2 x 105 cells per ml. Triplicate cultures (0.5 ml/tube) were set up and contained 0.05 ml of antigen per tube. The cultures were maintained at 37°C in air with 5% CO2 for 6, 7, and 8 days. At 24 h before harvest, 10 jCi of [3H]thymidine per ml was added to each culture. The cells were harvested and processed for scintillation counting as previously described (7, 13 with B-cell deficiency showed positive lymphocyte responses to CMV. A patient with ataxiatelangiectasia who had been continuously shedding the virus in his urine for 1 year showed no cellular response to CMV antigen or phytohemagglutinin. The results were reproduced repeatedly with these patients. DISCUSSION T-cells are of key importance in the recognition and management of viral infections. As far as has been determined in murine systems, in vitro lymphocyte reactivity to CMV antigen is dependent on the presence of sensitized T-cells (2, 4, 15, 18) . A similar finding was also obtained in the present studies on primary immunodeficiency. Lymphocytes from CMV-infected patients with B-cell deficiencies who were normal in T-cell function showed good responses to CMV antigen. Thus, LTF response could be used as an index of prior exposure to CMV in patients with B-cell deficiencies. LTF tests using separated lymphocytes also indicated that the response of T-cell-enriched fractions from seropositive individuals was more dominant than that of T-cell-depleted fractions. When the whole blood culture technique was used, however, CMV LTF responses were enhanced. It was speculated that other humoral or cellural elements might play supplementary roles in the whole blood culture.
Strain specificity in LTF responses was reported recently by Beutner et al. (1) . In the present study, however, only one seropositive infant failed to respond to the AD169 strain.
Age-related differences in CMV LTF responses may be a characteristic feature in CMV infections and be closely related to the mode of infection. The finding that adults and school children have higher lymphoproliferative re- sponses in CMV LTF tests than infants and younger children perhaps reflects the reactivation of latent infections. A group of adults showed extremely high SIs. From the fact that enhancement of CMV infection (3, 10) is recognized during pregnancy, blood transfusions, graft versus host reactions, immunosuppressive therapy, and other viral infections, it is speculated that the adults who showed extremely high SIs had some experiences which accelerated reactivation of latent CMV infection. Other explanations might be that the differences in the ages of the subjects when they had primary infections were responsible or that a genetically determined factor was responsible for the degree of LTF response. It is likely that the low SIs in younger children might have been due to the presence of an active CMV infection, since more children than adults were excreters of the virus. CMV LTF responses were generally lower in the virus-excreting children than in the nonexcreting ones, although the differences were not statistically significant. It was suspected that CMV infection may suppress cell-mediated immunity. Prospective studies on CMV excreters will be needed to clarify the significance of the degree of LTF activity in the persistence or cessation of viruria.
